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is detemiined by employing a sensor device (7). The sensor device (7) is sensitive to electromagnetic or acoustic waves, the propagation 
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APPARATUS FOR MONITORING OVERHEAD ELECTRIC LINES 

. This invention relates to an apparatus for monitoring 
overhead electric lines being suspended in the form of 
conductors extending between poles or masts, in particular 
5 for detecting an inadmissible high temperature in a conductor 
under electric load, whereby the sag of the conductor is 
determined by employing a sensor device. 

In the following description the terra line denotes a 
single conductor of metal, in contrast to a geometrical line 
10 being a straight line between two points, or a power 
transmission line. 

Existing protection against thermal overloading of lines 
and cables is based on measurement of the current flowing in 
the conductor, and on this background the thermal load is 
15 calculated. Moreover there have been developed standards with 
respect to how much various types of lines can be loaded. 
Both the standards and present protection are based on a 
number of assumptions. This must be done in order to be able 
to calculate the theoretical temperature obtained in a 
20 conductor at a given current through the conductor. 

These assumptions are mainly as follows: A certain wind 
velocity, heat radiation to the surroundings (which again is 
depending upon the temperature of surrounding objects - 
houses, trees, clouds and so forth and the surface condition 
25 of the conductor) , and possible radiation received from the 
sun (which depends on the level above the sea and the cloud 
coverage) and other sources of heat. 

It is a fact that such assumptions will seldom be 
satisfied in the real world. Therefore in practical operation 
30 of power transmission lines there are utilized a good deal of 
safety margins in order to be on the safe side. If it is 
possible to measure a physical magnitude being independent of 
all these assumptions, being related to wind and weather, it 
will also be possible to utilize a line at higher loads than 
35 what is common today. When the load or consumption is 

steadily increasing from year to year, it will be necessary 
at a point of time calculated beforehand (on the basis of 
prognoses) to invest in a new power transmission line with a 
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higher capacity. 

It is an important object of this invention to provide a 
new measuring method making it possible to apply a load with 
a higher current value in an existing power line. Thereby it 
5 will be possible to postpone correspondingly the investment 
mentioned above. 

Moreover the highest load will as a rule occur when the 
outdoor temperature is lowest. Usually the coldest day of the 
year is taken as a basis for replacement of a power 

10 transmission line. The largest discrepancy between the actual 
conditions and the assumptions discussed above , will be found 
on such cold days. 

In order to avoid all these uncertain assumptions it 
will be possible to provide protection by taking advantage of 

15 the physical relationship that a line wiil be elongated at 
increasing temperature only as a function of material 
constants that can be measured physically. There is a known 
relationship between the sag of a line, the known weight of 
the line and the suspension force in the line when tensioned 

20 between two suspension points, and the temperature of the 
line. From these known relationships it is possible to 
calculate the sag of the line at varying temperatures. 
Previously this was a very cumbersome calculation, . but today 
this can be performed quite simply by means of available 

25 calculation programs on a PC. 

From US patent 5.140.257 there is known a system for 
determining the current carrying capability or the maximum 
current load in power lines or cables suspended in masts. 
Thus the US patent is directed to the same object and 

30 problems as the present invention. In the previously known 
system there is incorporated, inter alia, determination of 
the sag of the line by means of angle measurement in a 
suspension point and subsequent calculation. This is a 
cumbersome and inaccurate method for determining sag when 

35 monitoring the load condition of a current carrying line. 

Another example of a monitoring system for similar 
purposes, is found in US patent 5.235.861. The monitoring 
therein is based on measurements of the tension in the line. 
Moreover reference is made to US patent 4.786.862 which 

40 describes a sensor module adapted to be mounted around a 
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conductor or line for electric power transmission. Power 
supply for the module is derived directly from the conductor 
by electromagnetic induction. 

In one of several possible embodiments the present 
5 invention employs, inter alia, a laser beam for the 

monitoring purpose concerned, and in that connection it is 
appropriate to mention that laser units and systems for a 
long time have been utilized for monitoring deformation 
and/or movement of large structures in particular. Examples 
10 of such use of laser beams are to be found inter alia, in the 
following patent specifications: DE 2.043.436, EP 352.464 and 
WO 85/00222. None of these known uses of laser beams have any 
practical interest in connection with suspended power 
transmission lines as referred to above. 
15 m addition to the embodiment based on a laser beam as 

mentioned, the invention also comprises other embodiments 
being in general based on the employment of electromagnetic 
waves or acoustic waves, with use of a camera for imaging by 
means of visible or invisible light, as a very interesting 
20 embodiment. 

Thus taking as a starting point the closest prior art, 
being represented by the above US patent 5.140.257, the novel 
and specific features of the apparatus according to the 
invention in the first place consist therein that the sensor 
25 device is sensitive to electromagnetic or acoustic waves, the 
propagation or pattern of which is adapted to be influenced 
by elongation of the conductor under load and thereby an 
increased sag. 

The solution provided herewith is founded on the known 
30 physical-mathematical relationship between variations in the 
sag of a conductor and the temperature thereof. The variation 
of sag is monitored by means of an emitted laser beam, i.e. 
more generally by employing electromagnetic waves or acoustic 
waves the propagation or pattern of which can be changed. 
35 When a predefined limiting magnitude of the sag is exceeded, 
the changes are detected by one or more sensors mounted in 
predetermined positions or points. These points correspond to 
predefined temperature limits for the line concerned. 
Actuation of the sensor (s) in this manner leads to 
40 transmission of a corresponding signal to a monitoring or 
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operating station or another form of automatic alarm or 
switch-off equipment. 

Among the important advantages being obtained when using 
the apparatus according to the invention, the following are 
5 mentioned: 

1. A better utilization of the capacity of the line and 
thereby also the technical lifetime of the line. 

2 . More reliable criteria for load limits under varying 
conditions in the surroundings. According to present 

10 usual practice such criteria are based on simple empiric 

assumptions • 

3. Economically this new form of monitoring means that the 
capacity of a line can be better utilized. This again 
makes it possible to postpone investments for 

15 strengthening or rebuilding the line. 

The relationship between increased capacity and 
postponed investment is given by estimated prognoses 
with respect to an increasing total load in a power 
transmission network. The decision on such investment 

20 must be taken in good time beforehand because of 

extended procedures (concession treatment, ground 
proprietor agreements, expropriation etc.). In the light 
of these circumstances the uncertainty involved in the 
technical assumptions with respect to the load 

25 capability of the line is taken into account indirectly 

in such cases. With a protection based upon an apparatus 
according to the invention as described herein, this 
uncertainty can be reduced to a substantial degree. 
Employing this new apparatus the strengthening of lines 

30 can be carried out in sections where the cooling 

conditions are poorest. This means that additional 
postponement of parts of the investments in the network, 
can be obtained. 

4. The accuracy of the protecting function will be 

35 independent of the accuracy of the components being used 

in the actual parts and units incorporated in the 
apparatus. (No analog simulation of measured magnitudes 
is performed) . The accuracy will only depend on the 
existing physical conditions (not electrical) for the 

40 lines and the approximations which may have been made in 
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the calculation programs utilized for determining line 
temperature. 

In the following description the invention will be 
explained more closely with reference to exemplary 
5 embodiments being illustrated in a simplified and schematic 
manner in the drawings, wherein: 

Fig. 1 as a first alternative shows the monitoring of a 
line span between two poles or masts, as seen in 
elevation, 

10 Fig. 2 shows a corresponding elevation of a second 
alternative according to the invention, 
Fig. 3 shows a third alternative embodiment with a laser 
beam propagated transversally to the line span and 
with two separate poles for the monitoring 
15 apparatus, 

Fig. 4 shows an alternative related to the third 

alternative, but with only one separate pole for 
the monitoring apparatus, 
Fig. 5 shows an example of a design of a laser unit, in 
20 particular for use in the embodiment of Fig. 1, 

Fig. 6 serves to illustrate certain geometrical 

relationships in connection with the cross- 
sectional shape of the laser beam, and a reflector 
for the laser beam respectively, 
25 Fig. 7 shows an example of attachment of a reflector on a 
line, in particular intended for the above second 
alternative as illustrated in Fig. 2, 
Fig. 8 in a similar way as in Figs. 1 and 2 shows an 

embodiment of the invention based on a transmitter 
3*0 for electromagnetic or possibly acoustic waves, 

mounted on a line span, 
Fig. 9 shows a further embodiment of the invention based 

on a camera for monitoring a line span, 
Fig. 10 is a block diagram showing electronic and power 
35 supply circuits associated with a camera which can 

be comprised by the apparatus in Fig. 9, and 
Fig. 11 shows a schematic example of still another 

embodiment according to the invention, based on a 
line camera and cylinder optics. 
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The situation illustrated in all Figs. 1-4 is based on a 
line span 3 between two poles or masts 1 and 2, whereby the 
power transmission line concerned continues to both sides as 
indicated in the drawings. With respect to line 3 in Fig. 1 
5 there is indicated what is defined as sag H. As known this is 
measured vertically downwards with respect to the straight 
line (dot-dash line in Fig. l) between supension points for 
line 3 in both masts 1 and 2. In Fig. 1-4 it is indicated 
with a dashed line and with reference numeral 3' how line 3 

10 can be elongated to assume a lower curve with a larger sag 

than the indicated sag H, in consequence of the load to which 
the line is subjected, in particular electric load in the 
form of increased current which leads to a higher temperature 
and thus an elongation of the line. 

15 The alternative embodiments shown in Figs. 1-4 

respectively, shall be explained more closely as follows: 

Alternative 1 - Fig. 1: 

At the lowest point of line 3 between the two masts 1 
and 2 there is mounted a laser unit 5 which emits a laser 

20 beam 6 when a current of sufficient amplitude flows in the 
line. As explained more closely below with reference to Fig. 
5, laser unit 5 can with great advantage be energized from 
the line 3 in which it is supended. Laser beam 6 is directed 
towards one (1) of the masts in which line 3 is suspended. 

25 The beam 6 is shaped so that for usually occuring excursions 
of line 3 there will always be an illuminated line or arch 
transversally of a given portion of mast 1. This has to do 
with the cross-sectional shape of the laser beam 6, which is 
to be explained more closely below with reference to Fig. 6. 

30 When the load, in particular the temperature of line 3 

increases, the illuminated linear spot on mast 1 will move 
downwards. The relationsip between this movement and the 
temperature change in the line may be calculated by means of 
known formula or existing calculation programs. If a region 

35 of the masts is provided with a scale according to such 

calculations, the average temperature of line 3 in the span 
concerned can be read out. More important (and more useful) 
it is however to be able to automatically record when a 
predefined critical temperature is obtained (e.g. 80-90°C). 



WO 95/35478 



PCT/NO95/00106 



This situation can be considered to be represented by 
the dashed line 3 1 , where the laser unit position 5' implies 
the propagation of laser beam 6' at a lower level than laser 
beam. 6 insthe initial position. 
5 At a calculated point on mast 1 corresponding to the 

critical temperature, there is mounted a sensor 7 adapted to 
receive laser beam 6 1 . When the laser beam hits sensor 7 , a 
signal indicating the condition occuring, can be provided in 
a manner known per se. The signal is transferred either to an 
10 operation central with operators or a remote control system 
gives a direct automatic command to the effect that a switch 
at the end of line 3 is opened before a dangerous situation 
can arise. If an alert is desired at more than one 
temperature level, this can easily be implemented by mounting 
15 a sensor for each level at the point on mast 1 corresponding 
to the temperatures for which an alert is desired. At 7A 
there is shown another such sensor being located at a lower 
height than sensor 7. 

One or more sensors 7, 7A on mast 1 are connected to a 
20 cable 9 as shown, for transferring the output signal of the 
sensors to a remote operational or monitoring station. In a 
particular embodiment according to the invention these output 
signals are in the form of laser light derived directly from 
the laser beam 6 1 received by the sensor 7 concerned, so that 
25 this sensor can be of a simple design without means for 

converting received laser light to electrical signals. In 
such case the cable 9 is a fiberoptic cable. Finally Fig. 1 
shows a control box 10 being mounted on mast 1 and being in 
actual practice usually required in a total installation of 
30 the monitoring apparatus, whereby control box 10 can also 

normally be connected to cable 9, possibly separate electric 
conductors in a fiberoptic cable. 

Alternative 2 - Fig. 2: 

A unit 15 emitting a laser beam 16 is here mounted on 
35 one (1) of the masts in the span concerned. At the lowest 
point of line 3 there is attached a reflector 13 which can 
direct laser beam 16 • to a sensor 17 on the same mast 1 which 
carries laser unit 15. The beam 16 must be so aligned that 
when line 3 has a sag corresponding to the critical 
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temperature for the line, reflector 13* breaks into the beam 
and directs it to sensor 17 which converts the light into a 
signal being transferred in the same manner as in alternative 
1. 

5 Alternative 3 - Fig. 3: 

A laser unit 25 is mounted on a separate mast 21 
laterally of the power line l, 2, 3 at a predetermined 
distance from line 3. A laser beam 26 is directed 
transversally of the line at the level corresponding to the 

10 sag of the line at the critical temperature. When the 
critical temperature is attained, line 3» (possibly a 
reflector mounted thereon) will break beam 26 which will be 
received by an appropriately positioned sensor 27 on a 
separate mast 22 at the opposite side. Transfer of the signal 

15 will be implemented in the same way as for alternatives 1 and 
2. Thus at the critical temperature the output signal from 
sensor 27 in this alternative will be due to disappearance of 
an incomming laser beam 26 to the sensor. 

Alternative 4 - fig. 4: 

20 This is a variant of alternative 3, with only one pole 

21A carrying a laser unit 25A, whereas line 3 is provided 
wiht a reflector 23. A sensor 27A mounted on the same pole 
21A serves to receive a resulting reflected laser beam 26B 
when the emitted laser beam 26A on a lowered line 3 1 in 

25 consequence of the total load thereon, in particular the 
electric load discussed above. 

Fig. 5 shows somewhat more in detail the laser unit 5 
supported by line 3, corresponding to the alternative of fig. 

30 1. The unit has a much rounded outer shape as represented by 
a casing 35 in fig. 5. The casing can for example be shaped 
substantially as an ellipsoide, having attachment members for 
example in the form of a clamp device at the upper part, for 
mounting on line 3. At 32 there is indicated a screen device 

35 for protecting components in the laser unit against electric 
and possibly magnetic fields surrounding line 3 during 
operation. Thus the actual laser component can be located 
inside the screen 32. With arrow 45 there is indicated a 
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laser beam being emitted by the laser unit. As mentioned 
above it is a substantial advantage that laser unit 5 can 
have its power supply from line 3 when this carries a 
current, and for this purpose there is shown at 31 means for 
5 this coupling to line 3, i.e. preferably an inductive coupl- 
ing so as to derive necessary power for the laser unit from 
line 3 itself. 

Fig 6. illustrates certain geometrical relationships in 
connection with the situation where line 3 can have lateral 

10 excursions, which in particular will be due to transverse 

wind influence. These geometrical relationships apply both in 
alternative 1 as illustrated in fig. 1, and in alternative 2 
as illustrated in fig. 2. Thus in the first case laser unit 5 
will be swung out together with line 3, and this in the 

15 principle along the arc of a circle with the sag H as a 

radius and with the centre located on the straight line bet- 
ween the suspension points for the power line at the two 
masts 1 and 2. In order that laser beam 6 and possibly beam 
6' shall hit mast 1 and particular sensor 7 even if the line 

20 has an excursion from the normal middle position, it is a 

substantial advantage that laser beam 6 has a cross section 
with a certain extension laterally, namely most favourably an 
arcuate shape as illustrated in fig. 6. The arcuate, shape is 
shown therein with a lower or outer arc contour 55 and an 

25 inner arc 56 which over a suffisiently large angular range 

form main borders of the laser beam cross section. The radius 
3R shown for this arcuate cross section thus shall correspond 
substantially to the sag H concerned, i.e. when the cross 
section of the laser beam is considered in the region of mast 

30 1. As will be realized it is this lower bordering contour 55 
of the beam cross section which has a decisive significance 
for the purpose of detecting a critical sag corresponding to 
line curve 3' in fig. 1, Accordingly the inner or upper 
border of the laser beam geometry or cross sectional shape, 

35 can for example be. as shown with a dotted line 57 instead of 
the arc 56. 

In the second alternative of fig- 2 the geometrical 
relationships as discussed immediately above, can apply to 
the reflector 13 in a fully corresponding manner. In order 
40 that laser beam 16 in fig. 2 shall hit reflector 13, i.e. in 
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reflector position 13* with line 3' as swung out, alongated 
and lowered, the reflector must have a lateral extension, 
namely with the preferred cross sectional shapes being ex- 
plained with respect to the laser beam with reference to fig. 



Finally fig. 7 shows how the reflector 13 with advantage 
can have a rigid attachment to line 3, whereby the attachment 
member 65 for reflector 13 has a certain extension in the 
longitudional direction of line 3 for clamping thereof along 

10 such a length. It is to be noted that attachment member 65 
has a well rounded shape, this being for the same reason as 
the casing 35 for laser unit 5 in fig. 5 is rounded. In fig. 
7 the reflector is shown from the side, but it will be rea- 
lized that the reflecting surface can be shaped according to 

15 the advantagous geometry being explained above in connection 
with fig. 6. The arcuate shape, in particular as represented 
by contoure 55 in fig. 6, will additionally contribute to 
avoiding undesired potential concentrations at reflector 13. 



20 and 2 and a line 3 as in the preceding figures of drawings. 
Preferably at a middle portion of line 3 there is here moun- 
ted a transmitter unit 85 for electromagnetic waves, possibly 
acoustic waves, which can well be ultrasound waves. If 
electromagnetic (radio) waves are used, two receivers or 

25 sensors 87 and 88 on mast 1 are adapted to receive the emis- 
sion from unit 85 and in cooperation to determine a time 
difference between waves received by the respective receivers 
87 and 88. The height spacing between these two receivers 87 
and 88 on mast 1 is a known magnitude, and based on 

30 principles being known per se it is thereby possible in a 
sufficiently accurate manner to determine the position of 
transmitter unit 85. When the sag is changed, for example to 
the position of the line being indicated at 3», the 
transmitter unit will assume another position 85', which 

35 leads to a corresponding change in the time difference at 
receivers 87 and 88. The resulting output signal which 
represents the position or height change of transmitter unit 
85, is then delivered to a measuring station or the like for 
further prosessing and possible action. It is obvious that a 

40 fully analogous manner of operation can be based on the 



5 



In the embodiment of fig. 8 there are again two masts 1 
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emission of ultrasound waves instead of electromagnetic waves 
from transmitter unit 85. Evidently in such case receiver 
sensors 87 and 88 must be adapted to detect the sound waves* 
Transmitter unit 85 can emit a continuous wave signal 
5 and the time difference referred to above can be determined 
from the phase relationships at receiver sensors 87 and 88. 
Position determination, i.e. the sag can also be determined 
by means of known methods on the basis of a pulse signal from 
transmitter unit 85. 

10 An important advantage in practical operations with 

embodiments corresponding to fig. 8, is that the sag can be 
recorded continuously over time, whereas most of the embodi- 
ments on the basis of fig. 1-4 give a point detection, where 
there may be a problem to decide whether the line is located 

15 above or below the detection point. ^ 
In fig. 9 "there is illustrated a power transmission line 
with 3 conductors (phases), of which one is denoted 3, as in 
the previously described embodiments. For the line span 3 
there is also shown masts 1 and 2. On mast 1 there is mounted 

20 a video camera 97 having a field of view 90 so directed that 
preferably a middle portion of line 3 is located within the 
field of view. This portion of line 3 is provided with an 
object 93 adapted to be imaged by camera 97. The object or 
fig. 97 should have a well defined geometrical shape being 

25 suitable for a secure and reliable detection by means of 

camera 97, which here consitutes a sensor device. An elec- 
tronics unit 99 is also shown on mast 1 in association with 
camera 97. 

Images being recorded by the camera will in a maner 
30 known per se be processed digitally by using a suitable image 
processing algorithm, in order to search for the particular 
geometrical figure in the image. The height of the line, i.e. 
also the sag can then be calculated from the position of the 
figure in the image concerned. 
35 Digital video cameras 97 which can be employed here, 

typically will have a resolution of 512 x 582 points, and if 
there is chosen a lense giving a field of view of 20 x 22,7 
meters, there will be obtained a minimum resolution of 4 cm. 
The geometrical figure to be suspended on line 3 therefore 
40 should have a lateral dimension of minimum 40 cm so as to be 
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visible for the camera in a way making it possible to detect 
the figure or object. The accuracy of the measurement accord- 
ing to this camera-based embodiment is expected to be +/- 10 
- 20 cm, which depends on the field of view and the lense 
5 optics in camera 97. 

Necessary processing or image treatment based on the 
output signals from video camera 97 in fig. 9, can take place 
in a unit according to the block diagram in fig. 10. The 
components here can be comprised in part or completely by the 
10 electronics unit 99 in fig. 9. 

As camera 97 there can for example be employed a CCD 
camera. This delivers digital output signals to an image 
storing device (frame grabber) 101 in a manner previously 
known, as a first step of the processing. Block 103 
15 represents a suitably programmed computer, which can well be 
built on one circuit board, for cooperation with image store 
101 and other components in the system, as will be seen form 
the block diagram in fig 10. Computer 103 can be considered 
to provide for the central control of the whole image 
20 processing unit and possibly also camera 97 itself. 

The program for computer 103 can be based on available 
program modules being linked together. There is here the 
guestion of processing or image treating algorithms, inter 
alia for pattern recognition, being per se known or obvious 
25 to experts in the field. 

Information being the result of the processing can be 
transferred via modem 105 and a radio transmitter 107 for 
example to an operation central or the like for the electr- 
ical power distribution. Pure still images for camera 97 - 
30 image store 101 may be transferred on a low speed channel 
over radio. Besides fig. 10 shows sensors 115A-C for other 
types of measuring magnitues than the sag, which can also be 
connected to computer 10.3 for transferring corresponding 
information signals over the same channel (modem 105 - radio 
35 107). 

The power supply in the block diagram comprises a 
central current supply unit 110, a battery ill, energy supply 
(external) 112, and a particular current supply circuit 113 
for a light projector or blitz lamp 100. 
40 Lamp 100 is not shown in fig. 9, since camera 97 in the 
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principle may be able to operate satisfactorily only by means 
of existing ambient light, in particular daylight. For 
monitoring line 3 under poor light conditions, in particular 
during the night, it is an essential advantage to provide 
5 artificial illumination in the form of a light projector or 
blitz light 100 as shown in fig. 10. This is preferably 
synchronized with camera 94 and image store 101, so that 
images are recorded and stored under optimal light 
conditions. Required ilumination can also be provied for by a 

10 laser or another form of light source. 

A particular form of video camera which in some instan- 
ces can be advantageous in the practical use of the inven- 
tion, is a so-called line camera. As known the line cameras 
provide for imaging in the principle along a line instead of 

15 being over an image plane. In the present connection it is 
moreover a great advantage to combine a line camera with 
cylinder optics. This form of camera requires a light source 
to be imaged, preferably a laser unit, i.e. a form of unit or 
component being already referred to above. Specifically it is 

20 remarked here that the fundamental arrangement shown in fig 1 
can very well be used in the case of a line camera solution 
as mentioned here. In such case it is not decisive that the 
beam 6 from laser unit 5 constitutes a "line of sight". 

A line camera with simultaneous use of cylinder optics 

25 having in the principle a vertical axis, opens up for an 

extended detection range. In a known maner cylinder optics 
will concentrate all points in a sector into a line. This 
solution involves the possibility of a more precise detection 
of a varying sag, since the point by which the light source 

30 or the laser is imaged, can be used as a basis for taking 
advantage of the difference in intensity. This embodiment 
will give a continuous measurement of sag within a sector. 

Fig. 11 in a schematic and simplified way shows an ex- 
ample of an embodiment based on a line camera. In a pole 2 a 

35 line camera generally denoted 129 is suspended for monitoring 
a line 3, whereby only approximately one half of the line 
span is shown. In line 3 there is mounted a transmitter unit 
125 in the form of a light source, in particular a laser, 
which is located in the field of view of line camera 129. The 

40 power line is shown in another position 3' where the sag has 
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increased, whereby the laser unit has been displaced corre- 
spondingly downwards to the position 125' • From the respec- 
tive positions of laser unit 125 it is indicated with differ- 
ent dot-dash lines how the beam propagation is directed into 
5 camera 129. In combination this camera can comprise more or 
less usual objective optics 131 and cylinder optics 132 as 
mentioned above. Imaging takes place in a field or plane 133 
which can be relatively narrow and has a certain extension in 
vertical direction. A light point representing laser unit 125 

10 in the upper position, will be imaged for example as a point 
135 in the imaging plane 133, whereas the light point from 
the laser unit in the position 125 1 , will be imaged at 135* 
in the imaging plane 133. By means of suitable detector 
elements associated with imaging plane 133, it will thus be 

15 possible to carry out the continuous measurement of the sag 
of line 3. 

It is clear that the fundamental idea on which the 
invention is based, makes possible modifications and variants 
in relation to the exemplary embodiments being described and 

20 shown here. Among other things the transmitter units, 

reflectors or imaging objects need not be located at the 
middle of a line span, but can be displced from the middle 
portion depending on the local conditions, such as terrain 
formations, buildings and so forth in the neighbourhood of 

25 the power transmission line. Particular situations as for 
example fjord spans or power lines installed at other in- 
accessible places, may also lead to modifications of the 
total arrangement of sensor device and possibly the 
transmitter unit. As regards signal processing as in 

30 particular discussed in connection with the camera 

embodiment, there can also in addition to processing as 
mentioned, be employed additional and other forms of signal 
processing, such as filtering, correlation techniques based 
on pulse emission from the transmitter units and so forth. 
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Claims 

1. Apparatus for monitoring overhead electric lines being 
suspended in the form of conductors (3) extending between 
poles or masts (1,2), in particular for detecting an inad- 

5 missible high temperature in a conductor (3) under electric 
load, whereby the sag (H) of the conductor is determined by 
employing a sensor device (7,17,27,87,88,97) , 
characterized in that the sensor device 
(7,17,27,87,88,97) is sensitive to electromagnetic or acou- 
10 stic waves, the propagation or pattern of which is adapted to 
be influenced by eleongation of the conductor (3) under load 
and thereby an increased sag (H) . 

2. Apparatus according to claim 1, 
characterized in that 

15 a transmitter unit (5,85) for said waves is mounted on 

the conductor (3), preferably at the lowest point of the line 
span , and 

that power supply to the transmitter unit is adapted to 
be taken from the conductor itself through magnetic and/ or 
20 electric fields around the conductor. 

3. Apparatus according to claim 1 or 2, 
characterized in that the sensor device 

(7 ,7A, 17, 87, 88, 97) is mounted on a mast (1) which carries one 
end of the line span. 

25 4. Apparatus according to claim 1 or 2, 

characterized in that the sensor device 
(27,27A) is mounted on a separate pole (22,21A) or another 
supporting structure laterally of the conductor (3) . 

5. Apparatus according to claim 3 or 4, 
30 characterized in that the sensor device 
comprises at least two sensors (7,7A,87,88) mounted at 
different heights. 
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6. Apparatus according to any one of claims 2-5, 
characterized in that the transmitter unit 
(5) has a rounded outer shape in order to avoid as known per 
se, electrical potential concentrations . (Fig. 5) 

5 7. Apparatus according to any one of claims 2-6, 

characterized in that the transmitter unit 
(5) comprises a screen device (32) for protecting components 
in the transmitter unit against electric and/or magnetic 
fields from the conductor (3)* (Fig. 5) 

10 8. Apparatus according to any one of claims 2-7, 

characterized in that the transmitter unit 
is a laser unit (5,15,25) adapted to cooperate with the 
sensor device (7,17,27), which is sensitive to a laser beam 
(6,16,26) emitted by the laser unit, the path (6', 16', 26) of 

15 the laser beam being influenced by elongation of the 

conductor (3) under load and thereby an increased sag (H) , 
and the laser beam being preferably adapted to be swept in 
space, and possibly pulsed. 

9. Apparatus according to claim 8, 

20 characterized in that the laser unit (5,25) 
is normally aimed at the mast or pole (1,22), preferably at a 
point higher thereon than the height of the sensor device 
(7,27) on the mast or pole. 

10. Apparatus according to claim 8, 
25 characterized in 

that the laser unit (15) as well as the sensor device 
(17) are mounted on a mast (1) which carries one end of the 
line span, with the laser beam (16) aligned with and having a 
given distance underneath the lowest portion of the line span 
30 (3), and 

that a reflector (13) for the laser beam (16) is mounted 
at said lowest portion. (Fig. 2) 
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11. Apparatus according to claim 8, 
characterized in that the laser unit 
(25,25A) is mounted on a separate pole (21,21A) or another 
supporting structure laterally of the conductor (3) , with the 
laser beam (26,26A) directed generally transversally at a 
given distance underneath the conductor (3). 

12; Apparatus according to any one of claims 8-11, 
characterized in that output signals in the 
form of laser light from the sensor device (7,7A) are 
transmitted directly to a remote monitoring station through 
fiber optic cables (9) . (Fig* 1) 

13. Apparatus according to claim 8, 9, 10 or 12, 
characterized in that the laser unit (5,15) 
is adapted to emit a laser beam (6,16) having at least in the 
lower portion a downwardly arcuate cross-sectional shape 
(55), preferably with a radius (3R) corresponding to the sag 
(H) to be detected. (Fig. 6) 

14. Apparatus according to any one of claims 10, 12 or 13, 
characterized in that the reflector (13) is 
rigidly attached (65) to the conductor (3). (Fig. 7) 

15. Apparatus according to any of claims 10, 12 or 14, 
characterized in that the reflecting surface 
of the reflector (13) at least in the lower portion has a 
downwardly arcuate shape (55) with a radius (3R) 
corresponding to the sag (H) to be detected and with its 
center substantially on the straight line through the 
suspension points of the line span on the two masts (1,2). 
(Fig. 6) 

16. Apparatus according to claim 11, 12 or 14, 
characterized in 

that the sensor device (27A) is mounted on the same pole 
(21A) as the laser unit (25A) , and 



that a reflector (23) is mounted on the conductor (3) . 
(Fig. 4) 
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17. Apparatus according to claim 11 , 12 or 14, 
characterized in that the sensor device (27) 
is mounted on another separate pole (22) at the opposite side 
of the conductor (3) in relation to the pole (21) for the 

5 laser unit (25) . (Fig. 3) 

18. Apparatus according to claim 2 and 5 and possibly one of 
claims 6 and 7, 

characterized in that the transmitter unit 
(85) is adapted to emit radio waves or ultrasound waves and 
0 that the time difference of the waves when arriving at at 
least two sensors (87,88), is taken as a basis for 
determining sag, whereby the spacing between the sensors 
(87,88) is known. (Fig. 8) 

19. Apparatus according to claim 1 and possibly 3, 4 or 5, 
5 characterized in 

that the sensor device has the form of a camera (97), 
that an imaging object (93) having a well defined 
geometrical shape is mounted on the conductor (3) in the 
field of view (90) of the camera, preferably at the lowest 
:0 point of the line span, and 

that in association with the camera there are provided 
means (101,103) for image processing or pattern recognition 
in a manner known per se, for determining the sag. 

20. Apparatus according to claim 19, 

15 characterized by a transmitter unit (100) 
for illuminating the imaging object (93), preferably in the 
form of blitz light. 

21. Apparatus according to any one of claims 2-7, 
characterized in that the transmitter unit 

10 is a light source, preferably a laser unit (125) and that the 
sensor device is a line camera (129) combined with cylinder 
optics (132) with a vertically oriented axis. 
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